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Abstract 

A newly developed Cu-23(wt.%)Cr-5%Al (CuCrAl) alloy is currently being considered 
as a protective coating for GRCop-84 (Cu-8(at.%)Cr-4%Nb). The coating was deposited on 
GRCop-84 substrates by the cold spray deposition technique. Cyclic oxidation tests conducted in 
air on both coated and uncoated substrates between 773 and 1073 K revealed that the coating 
remained intact and protected the substrate up to 1073 K. No significant weight loss of the 
coated specimens were observed at 773 and 873 K even after a cumulative cyclic time of 500 h. 
In contrast, the uncoated substrate lost as much as 80% of its original weight under similar test 
conditions. Low cycle fatigue tests revealed that the fatigue lives of thinly coated GRCop-84 
specimens were similar to the uncoated specimens within the limits of experimental scatter. It is 
concluded that the cold sprayed CuCrAl coating is suitable for protecting GRCop-84 substrates. 
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Schematic of a LHo/LOX Rocket Engine 
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Gas exhaust 




Dog House” Failure of Combustion Chamber Liners 



Failure of the liner occurs by a complex combination of creep, low cycle 
fatigue, thermal ratcheting and environmental interaction (“blanching”) 
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• GRCop-84 forms a non-adherent oxide scale which limits 
engine operating temperatures and complicates engine design 








Top Coat Compositions and Thermal Conductivities 



Objectives 



Powder Particle Size Distribution 



Cold Spray Process 
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Pressurized 
He gas 



Coating Microstructures 



ense coatings generally tree or cracks and voi 






Processing Defects 






Thermal Cycling of Cold-Sprayed CuCrAI Coated and Uncoated 

GRCop-84 Specimens in Air at 773 K 



5 minute natural cool down 


Thermal Cycling of Cold-Sprayed CuCrAI Coated and Uncoated GRCop-84 

Specimens in Air at 973 K 
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Cross-Sectional Microstructures 








X-rav dot maps of oxidized Cu-23%Cr-5%AI coating 



15 kV 35 kX SQO on 15 kV 35kX 500 


Low Cycle Fatigue Properties of Coated and 
Uncoated Extruded GRCop-84 
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Fractoqraph of a CuCrAI-Coated GRCop-84 
LCF Specimen 






Fractoqraph of a CuCrAI-Coated GRCop-84 
LCF Specimen 




• No coating delamination was observed in the observed specimens 

• All cracks initiated either at the free surface or in the GRCop-84 matrix 





Fractoqraphs of a CuCrAI-Coated GRCop-84 
LCF Specimen 







Summary and Conclusions 



